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Description 
BACKGROUND 

s [0001] The present invention generaiiy relates to the use of Code Division Multiple Access (CDMA) communication 
techniques in radio communication systems and, more particularly, to receivers which demodulate CDMA signals using 
estimates of channel tap coefficients. 

[0002] The cellular telephone industry has made phenomenal strides in commercial operations in the United States 
as well as the rest of the world. Growth in major metropolitan areas has far exceeded expectations and is rapidly 
10 outstripping system capacity If this trend continues, the effects of this Industiys growth will soon reach even the smallest 
markets. Innovative solutions are required to meet these increasing capacity needs as well as maintain high quality 

service and avoid rising prices. 

[0003] Throughout the world, one important step in the advancement of radio communication systems is the change 
from analog to digital transmission. Equally significant is the choice of an effective digital transmission scheme for 

IS implementing the next generation technology. Furthermore, it is widely believed that the first generation of Personal 
Communication Networlcs (PCNs), employing low cost, pocket-sized, cordless telephones that can be carried comfort- 
ably and used to make or receive calls in the home, office, street, car, etc., will be provided by, for example, cellular 
carriers using the next generation digital cellular system infrastructure. An important feature desired in these new 
systems is increased traffic capacity. 

20 [0004] Currently, channel access is achieved using Frequency Division Multiple Access (FDMA) and Time Division 
Multiple Access (TDMA) methods. In FDMA, a communication channel is a single radk> frequency band into which a 
signal's transmission power is concentrated. Signals which can interfere with a communication channel include those 
transmitted on adjacent channels (adjacent channel interference) and those transmitted on the same channel in other 
cells (co-channel interference). Interference with adjacent channels is limited by the use of band pass filters which only 

2S pass signal energy within the specified frequency band. Co-channel interference is reduced to tolerable levels by 
restricting channel re-use by providing a minimum separation distance between cells in which the same frequency 
channel is used. Thus, with each channel being assigned a different frequency, system capacity is limited by the avail- 
able frequencies as well as by limitations imposed by channel reuse. 

[0005] In TDMA systems, a channel consists of, for example, a time slot in a periodic train of time intervals over the 
30 same frequency. Each period of time slots is called a frame. A given signal's energy is confined to one of these time 
slots. Adjacent channel interference is limited by the use of a time gate or other synchronizatbn element that only 
passes signal energy received at the proper time. Thus, with each channel being assigned a different time slot, system 
capacity is limited by the available time slots as well as by limitations imposed by channel reuse as described above 
with respect to FDMA, 

35 [0006] With FDMA and TDMA systems (as well as hybrid FDMAH'DMA systems), one goal of system designers is 
to ensure that two potentially interfering signals do not occupy the same frequency at the same time. In contrast. Code 
Division Multiple Access (CDMA) is a channel access technique which allows signals to overlap in both time and 
frequency. CDMA is a type of spread spectrum communications, which has been around since the days of World War 
11. Early applications were predominantly military oriented. However, today there has been an increasing interest in 

40 using spread spectrum systems in commercial applications since spread spectrum communications provkJes robust- 
ness against interference, which altows for multiple signals to occupy the same bandwidth at the same time. Examples 
of such commercial applications include digital cellular radio, land mobile radio, and indoor and outdoor personal com- 
munk»tion networks. 

[0007] In a CDMA system, each signal is transmitted using spread spectrum techniques. In principle, the informational 
4S data stream to be transmitted is impressed upon a much higher rate data stream known as a signature sequence. 
Typically, the signature sequence data are binary, providing a bit stream. One way to generate this signature sequence 
is with a pseudo-noise (PN) process that appears random, but can be repltoated by an authorized receiver. The infor- 
mational data stream and the high bit rate signature sequence stream are combined by multiplying the two bit streams 
together, assuming the binary values of the two bit streams are represented by + 1 or -1 . This combination of the higher 
so bit rate signal with the lower bit rate data stream is called spreading the informational data stream signal. Each infor- 
mational data stream or channel is allocated a unique signature sequence. 

[0008] A plurality of spread information signals modulate a radio frequency carrier, for example by binary phase shift 
keying (BPSK), and are jointly received as a composite signal at the receiver. Each of the spread signals overlaps all 
of the other spread signals, as well as noise-related signals, in both frequency and time. If the receiver is authorized, 
ss then the composite signal is correlated with one of the unique signature sequences, and the corresponding information 
signal can be isolated and despread. If quadrature phase shift keying (QPSK) modulation is used, then the signature 
sequence may consist of complex numbers (having real and imaginary parts), where the real and imaginary parts are 
used to modulate two carriers at the same frequency, but ninety degrees different in phase. 
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[0009] Traditionally, a signature sequence is used to represent one bit of information. Receiving the transmitted 
sequence or its complement indicates wtiether the information bit is a + or -1, sometimes denoted "O" or *1". The 
signature sequence usually comprises N bits, and each bit of the signature sequence is called a 'chip*. The entire N- 
chip sequence, or its complement, Is referred to as a transmitted symbol. The conventional receiver, e.g., a RAKE 
5 receiver, correlates the received signal with the complex conjugate of the known signature sequence to produce a 
correlation value. Only the real part of the correlation value is computed. When a large positive correlation results, a 
"0" is detected; when a large negative correlation results, a "1 " is detected. An example of convention RAKE receiver 
is found in U.S. Patent No. 5,329.547. 

[001 0] The 'information bits' referred to above can also be coded bits, where the code used is a block or convolutional 
10 code. Also, the signature sequence can be much longer than a single transmitted symbol, in which case a subsequence 
of the signature sequence is used to spread the information bit. In many radio communication systems, the received 
signal Includes two components: an I (in-phase) component and a Q (quadrature) component. This occurs because 
the transmitted signal has two components (e.g. QPSK), and/or the intervening channel or tack of coherent carrier 
reference causes the transmitted signal to be divided into I and Q components. In a typical receiver using digital signal 
75 processing, the received I and Q component signals are sampled and stored at least every T.sub.c seconds, where T. 
sub.c Is the duration of a chip. 

[0011] The conventional RAKE receiver performs well provided several conditions are satisfied. The first condition 
Is that the autocorrelation function of the signature sequence is Ideal, in that the signature sequence is uncorrelated 
with a shift of itself. If this is not true, then the different signal rays Interfere with one another, which is referred to as 

20 self interference. The second condition is that the crosscorrelation between the signature sequence of the desired 
signal and various shifted versions of the signature sequences of the other CDMA signals is zero. If this is not true, 
then the other CDMA signals interfere with the desired CDMA signal, degrading performance. This can be particularly 
significant when another CDMA signal has a much higher power than the desired CDMA signal, commonly referred to 
as the "near-far' problem. The third condition is that the interference caused by an echo of one transmitted symbol 

zs overlapping with the next transmitted symbol should be negligible. If this is not true, then transmitted symbols interfere 
with past and future transmitted symbols, which is commonly referred to as intersymbol interference (ISI). 
[0012] Ideal autocorrelation functions, however, are commercially impractical to achieve due to, for example, band- 
width limitations. Accordingly, some solution for dealing with self -interference is desirable to improve the performance 
of CDMA receivers. 

30 [001 3] One technique which is found in the literature for reducing multiple access Interference is decorrelation, see, 
e.g., "Multiuser Detection and Diversity Combining for Wireless CDMA Systems" by Zoran Zvonar, published in Infor- 
mation Networks . Oct. 1 9-20, 1 993, pp. 65-89. Therein, the author describes the potential application of a decorrelation 
technique to signals prior to combining different fading paths of a user. However, this article fails to deal with the 
implications of channel estimation in this process. 

3S 

SUMMARY 

[0014] The present invention provides an efficient approach for estimating channel tap coefficients that eliminates 
the problem of self interference in CDMA systems. According to exemplary embodiments, elimination of self interfer- 
40 ence can be accomplished by decorrelating the correlation values with respect to one another. Decorrelation Is per- 
formed, for example, by multiplying an Inverse of a matrix Including autocorrelation function values with the vector of 
received bits correlated with the signature sequence associated with that autocorrelation function. This decorrelation 
procedure can be performed, for example, before, after or within conventional channel tracking processes. 

4S BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and other, objects, features and advantages of the present invention will be more readily un- 
derstood upon reading the following detailed description in conjunction with the drawings in which: 

so Fig. 1 is a block diagram of an exemplary spread-spectrum communications link; 
Fig. 2 is a block diagram of a conventional coherent RAKE detector; 
Fig. 3 is a block diagram of a conventional channel tracker; 

Fig. 4 is a block diagram of an exemplary embodiment of a channel tracker according to the present invention; 
Fig. 5 is a block diagram depicting another exemplary embodiment of a channel tracker according to the present 
ss invention; 

Fig. 6 is a block diagram of yet another exemplary embodiment of a channel tracker according to the present 
invention; and 

Fig. 7 is a bkx:k diagram illustrating an exemplary decorrelator according to the present invention. 
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DETAILED DESCRIPTION 

[0016] An exemplary spread-spectrum communication link is shown in Fig. 1 . First, in spreader 102, an informational 
data stream consisting of information symbols is impressed upon a much higher rate data stream known as a signature 

s sequence to generate a spread or transmitted data sequence. It is common for the period of the signature sequence 
to occupy one data symbol period, so that each data symbol is spread by the same N-chip signature sequence, in 
general, this signature sequence may be represented by real and imaginary numbers, con^esponding to sending a chip 
value on the carrier frequency (I channel) or on a SO-degree shifted version of the carrier frequency {Q channel). Also, 
the signature sequence may be a composite of multiple sequences, where one of these sequences may be a Walsh- 

10 Hadamard code word. 

[0017] Information symbols can be M'ary, taking on one of M possible values. For example, for M=2, binary symbols 
are used, which can be represented as +1 and -1 values. Spreading information symbol b using signature sequence 
s(k), which consists of +1 and -1 chip values, gives the transmitted sequence t(k): 

'* t(k)=bs(k) (1) 

This spreading operation couM also be determined using digital logic, with sequences of O's and 1's and spreading by 
performing exclusive-OR operations. Other forms of spreading are possible. For example, a set of M bits can be spread 
so by using the bits to select one set of N code words, where N = 2". The set of code words could be an orthogonal set, 
such as the Walsh code word set. 

[001 8] The spread signal is then modulated onto a radio-frequency carrier in modulator 1 04. If^the spread data sym- 
bols are binary, then binary phase-shift keying (BPSK) would be an appropriate modulation. The modulated signal is 
passed to antenna 106 for transmissbn using electromagnetic waves. At the receiver, receive antenna 108 collects 
2S signal energy and passes it to a radio receiver 110, which provides the necessary amplification, filtering, and mixing 
operations to convert the radio signal to a complex, baseband signal consisting of in-phase (I) and quadrature (Q) 
components as is well known in the art. These components are usually sampled once per chip period and may be 
stored in a buffer (not shown). 

[001 9] The received data samples are passed to a correlator 1 1 2, which correlates the received data samples to the 
30 known signature sequence. This process is sometimes referred to as de-spreading, since the correlation coherently 
combines the spread data values back into one informational value when the correlator is aligned with an image of the 
transmitted signal. The correlations are provided to a detector 114, which produces a detected informational data 
stream. The form of detector used depends on the characteristics of the radio channel and complexity limitations. 
[0020] in wireless systems, the radio channel gives rise to multipath fading and multipath dispersion, because of 
3S signal reflections from buildings, cars, or nearby mountain ranges. As a result, the signal proceeds to the receiver 
along not one, but many paths, so that the receiver receives many echoes or rays having different and randomly varying 
delays and amplitudes. The received signal is then a composite of multiple versions of the transmitted signal that have 
propagated along different paths having relative time delays usually less than one informational symbol period. Each 
distinguishable ray has a certain time of arrival k T^ seconds relative to the arrival of the first ray. If t(k) denotes the 
40 spread data chip samples and r(k) denotes the received chip samples, where k is the discrete time index, then multipath 
time dispersion can be modeled as: 

45 lik) ^Y.ciDtik-j) * n(k) (2) 

; 0 

where J is the number of rays or channel taps caused by the multipath dispersion, c(j) are complex-valued channel 
tap coefficients, and n(k) models impairments such as noise or interference. As a result of multipath time dispersion, 

so the correlator 1 1 2 produces several de-spread values, one for each of the J channel taps. 

[0021] One form of detector 114 designed to process such a radio channel is known as the RAKE detector. Such a 
detector combines the de-spread values coherently to maximize the detection statistic signal power. One form of the 
RAKE detector, designed for binary information symbols, is shown in Fig. 2. Therein, correlation values are passed 
through a tapped delay line 202. Note that in Fig. 2 (and many of the other Figures) although many signal lines will be 

ss present in a physical embodiment of such a receiver, only two signal lines are illustrated as outputs from the tapped 
delay line 202 to illustrate the described concepts without unduly complicating the Figure. When the earilest arriving 
ray correlation is at one end of the tapped delay line and the latest arriving ray correlation is at the other end of the 
tapped delay line, which occurs once per information symbol period, the values stored in the delay line are multiplied 
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in multipliers 204 by RAKE tap coefficients, prcxiucing products which are summed in adder 206. The sign of the 
resulting sum is taken in 208, giving a detected informatron bit value, e.g., ± 1. 

[0022] Mathematically, suppose r(k) = l(k) -i- iQ(k) are the complex received chip samples during a particular infor- 
mation symbol period, where l(k) are the I component samples, Q(k) are the Q component samples, I denotes the 
s imaginary component, and k is the sample index (e.g., a discrete time Index). The correlator 112 correlates these data 
samples to the known signature sequence, s(k), to produce: 



xim) = Yis'ik) lik^m) (3) 

where the * superscript denotes complex conjugatton, which is preferred if the signature sequence is complex. 
IS [0023] The RAKE detector weights the correlations and sums the results to produce a detection statistk: z for trans- 
mitted symbol b. 

Jl 

20 2 = /?^{ E« '(/>(/) } (4) 

where a(j) are the RAKE tap coefficients. Theoretically, the RAKE tap coefficients should be equal to the channel tap 
coefficients: 

2S 

: a{/f)=c(fc) (5) 

In practice, the RAKE tap coefficients are estimates of the channel tap coefficients, provided by channel tracker 116. 
30 [0024] Coherent detectors other than the conventional RAKE detector are known. For example, joint demodulation 
could be used to jointly demodulate aplurallty of communication signals, as described in U.S. Patent Number 5,506,861, 
published April 9, 1996 to Bottomley. 

[0025] In conventional forms of coherent detection, performance is limited by the accuracy of the channel tap coef- 
ficient estimates produced by the channel tracker. A conventional channel tracker 300 is illustrated in Fig. 3. Correlation 

3S values are provided to information removers 302, which adjust the correlation values based on the detected Information. 
The adjusted correlations are provided to estimate update processors 304, which update the channel tap coefficient 
estimates stored in menrK>ries 306, producing updated channel tap coefficient estimates. One way of updating the 
estimates, for example, is to weight the previous estinnate by X and add to it the adjusted correlation weighted by (1 -X). 
Other forms of updating are possible, as is well known to those skilled In the art 

40 [0026] These conventional approaches give accurate channel estimates when the signature sequence has perfect 
autocorrelatton properties. In practical commercial systems, with finite bandwidth constraints, the autocorrelation of 
the signature sequence with itself Is not perfect, so that echoes or rays of the signal interfere with one another when 
channel estimation is performed. 

[0027] This problem is illustrated by an example, in which there are two rays (I.e., J=2) and no Impairment (l.e., n(k) 
4S =0). From equations (1 ) and (2), the received signal is given by: 

r(ki = c(0) bs(k^ + c{^)b s{k-d) (6) 

so virhere d is the delay of the second ray relative to the first. At the receiver, the despread signal Is obtained by con'elating 
to the known signature sequence s(k) at the times rays are present. For the sake of illustration, assume the correlation 
is normalized by dividing by N, the length of the sequence. From equattons (3) and (6), the correlattons x(m) at m=0 
and m=d are given by: 



x(0)=i)c(0) + bc(1)C^^(cO 



(7) 
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x(cO=6c(0)C,^(-d)+6c(1) (8) 
where Cs^(d) is a normalized aperiodic autocorrelation function of the signature sequence s(k) at delay d. That is, 



^^^^'^ - ll\\7\ 53 ^•(k)s(k-d) (9) 
N-2\d\ 

The information removers 302 effectively divide the correlations by the detected information symbol, b^,. Assuming 
no detection error, the adjusted values are given by: 

x„(0)=c(0) + c(1)C,^(d) (10) 



x^{d)=c(0)C^J■d)^.c(^) (11) 

If the signature sequence has perfect autocorrelation properties, then Cg^(d) and C'ss(-d) would both be zero, and the 
adjusted correlation values would give instantaneous estimates of the channel tap coefficients. However, when Cg^id) 
and C*ss(-d) are nonzero, then the adjusted correlation values are distorted by the presence of other signal rays. Using 
distorted channel tap estimates in the detector leads to a toss in performance. Thus, conventional channel tap coefTicient 
estimatton is degraded by inter-ray interference, which leads to a degradation in receiver perfonnance. 
[002S] According to exemplary embodiments of the present invention this Interference problem can be solved by 
decorrelating the correlation values with respect to one other. As a result, inter-ray interference is mitigated. 
[0029] The principle will first be discussed with respect to the two-ray example used previously. Expressions (7) and 
(8) can be viewed as a system of two equations in two unknowns, the unknowns being bc(0) and bc(1) (bco and bc^, 
respectively, in equation (1 2) below). Since the signature sequence is known at the receiver, its autocorrelation function 
is also known. Thus, equatbns (7) and (8) can be expressed as: 



which has the form Ax=y. The receiver has knowledge of A and y, thus it can solve for x, the channel tap coefficients. 
Observe that the unknowns do not contain inter-ray interference. 

[0030] One way of solving this equation is to multiply both sides by the inverse, so that x=A-iy. in this case, the y 
vector contains the measured correlation values, which contain inter-ray crosscorrelation terms. The matrix A-1 effec- 
tively removes these inter-ray crosscorrelatbn terms, which can be viewed as 'decorrelating* the correlation values 
from one another. This decorrelatfon should not be confused with the original correlation to the signature sequence, 
as one does not want to undo the despreading. In practice, while C„{d) are nonzero, they are usually not too large, 
so that A-1 is well defined. 

[0031] Variations on this concept will be apparent to those skilled In the art. For example, when impairment is present, 
i.e., n(k)^, it may be desirable to add noise power estimates to the diagonal of the A matrix. If noise power estinnates 
are unavailable, a nominal noise value can be added, based on standard or limiting operating conditions for the receiver. 
Moreover, the decorrelatton approach is easily extended to an arbitrary number of rays corresponding to arbitrary delay 
times. For J rays, the vector y consists of J correlations, and the matrix A has J rows and J columns. Finally other 
defin'rtbns of correlatton can be employed, such as periodn correlatton. 

[0032] The present invention will now be described with respect to Fig. 4, whteh illustrates a channeltracker according 
to an exemplary embodiment of the present invention which can replace the channel tracker 116 shown in Fig. 1. 
Therein, correlation values are provided to decorrelator 402, whteh decorrelates the correlatton values so that inter- 
ray interference is removed. The decorrelated values are then passed to, for example, a conventtonal channel tracker 
300, which treats the decorrelated values as if they were correlation values according to Fig. 3. Thus, the step of 
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decorrelation has been inserted into the channel tracking process. 

[0033] The decorrelation operation does not have to be performed before conventional channel tracking. An alter- 
native embodiment is shown in Fig. 5, in which the decorrelator 402 foltows the conventional tracker 300. A third 
alternative is shown in Fig. 6, in which the decorrelation operation 402 occurs within the conventional channel tracker, 

5 just after the information removal. The decorrelation operation can be implemented in a variety of ways. An exemplary 
embodiment is given in Fig. 7 for purposes of illustration rather than limitation. The decorrelator 402 effectively solves 
the system Ax = y for x. One way of doing this is by multiplying the vector y by A "*, which is a matrix multiply operation. 
In Fig. 7, this is implemented by a nnatrix multiplier 700. The matrix multiply would be provided with the con-elation 
values X and the matrix M, and form the product Mx. The matrix M would be A'^ which could be pre-computed and 

10 stored for various channel tap locations and signature sequences. Other methods for solving Ax=y are possible, in- 
cluding Gaussian elimination, and all such techniques are contemplated by the present invention. 
[0034] In some applications, it may be desirable to shorten the correlations used by the channel tracker, so that 
interference between information symbol periods is not introduced. For example, if d = 1 , then the despreading corre- 
lation may only correlate to the partial sequence s{1 ) through s(N-2), rather than the full sequence s(0) through s(N-1 ). 

15 [0035] The above-described exemplary embodiments are Intended to be illustrative in all respects, rather than re- 
strictive, of the present invention. 



1 . A receiver for a spread-spectrum wireless communications system for communicating a sequence of information 
symbols, said receiver comprising: 

means (108, 110) for receiving a signal using an antenna; 

means (112) for processing said received signal to produce correlations between the received signal and a 
known signature sequence; 

means (402) for removing inter-correlation interference from said correlations using the autocorrelation func- 
tion of said known signature sequence to produce decorrelated values; 
means (300) for estimating channel tap coefficients using said decorrelated values; and 
means (114) for detecting said information symbols using said correlations and said channel tap coefficient 
estimates. 

2. The receiver of claim 1 , wherein said means (402) for removing further comprises: 

a matrix multiplier which multiplies a matrix representing said autocorrelation function with a vector including 
said correlations. 

3. A channel tracker for a spread-spectrum communications receiver that produces correlations of received data with 
a known signature sequence, comprising: 

means (402) for removing inter-correlation interference from said correlations using the autocorrelation func- 
tion of said known signature sequence to produce decorrelated values; and 
means (300) for processing said decorrelated values to produce channel tap coefficient estimates. 

4. The channel tracker of claim 3, wherein said means for removing further comprises: 

a matrix multiplier which multiplies a matrix representing values related to autocorrelation function with a 
vector including said correlations. 

5. A spread-spectrum communications receiver comprising: 

a correlator (112) for receiving data and correlating said received data with a known signature sequence to 
produce correlations; 

a channel (300) estimation unit for providing channel tap coefficient estimates based upon said correlations; 
a decorrelator which removes inter-ray interference created by said correlator from said channel tap coefficient 
estimates using the autocorrelation function of said signature sequence to generate decorrelated channel tap 
coefficient estimates; and 

a detector which combines said correlations using said decorrelated channel tap estimates. 



6. A method for processing received spread-spectrum communication signals comprising the steps of: 
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correlating received data with a known signature sequence to produce correlations; 
generating tap coefficient estimates based upon said correlations; 

combining said correlations to determine information symbols using said tap coefficient estimates; and 
removing inter-ray interference created by said correlating step using the autocorrelation function of said sig- 
nature sequence prior to combining said correlations. 



7. The method of claim 6, wherein said step of removing further comprises the step of: 

removing said inter-ray interference prior to generating said tap coefficient estimates to generate decorrelated 
values and using said decorrelated values to generate said tap coefficient estimates. 



8. The method of claim 6, wherein said step of removing further comprises the step of: 

removing inter-ray interference as part of said step of generating said channel tap coefficient estimates. 



9. The method of claim 6, wherein said step of removing further comprises the step of: 
IS removing inter-ray interference from said channel tap coefficients after said step of generating said channel 

tap coefficients. 



PatentansprOehe 

1. Ein Empf anger fOr ein drahtloses 

Spreizspektrumkommunikatbnssystem zum Obermittein einer Sequenz von Informationssymbolen, wobel der 
Empfanger umfasst: 

eine Vorrichtung (108, 110) zum Empfangen eines Signals unter Venfvendung einer Antenne; 

eine Vorrichtung (1 1 2) zum Verarbeiten des empfangenen Signals, um Koaelationen zwischen dem empfan- 
genen Signal und einer bekannten Signatursequenz zu erzeugen; 

eine Vorrichtung (402) zum Entfernen von Zwischenkorrelationsinterferenz von den Korrelationen unter Ver- 
wendung der Autokorrelationsfunktion der bekannten Signatursequenz, um dekorrelierte Werte zu erzeugen; 

eine Vorrichtung (300) zum Schatzen von Kanalabgriffskoeffizienten unter Verwendung der dekorrelierten 
Werte; 



eine Vorrichtung (114) zum Erfassen der Informationssymbole unter Verwendung der Korrelationen und der 
Kanalabgriffskoeffizientenschatzwerte. 



40 2. Der Empfanger nach Anspruch 1, wobei die Vorrichtung (402) zum Entfernen welter umfasst: 

einen Matrixmultiplizierer, der eine die Autokorrelationsfunktion darstellende Matrix mit einem Vektor multipllzlert, 
der die Korrelattonen umfasst. 



3. Einen Kanalfolger fOr einen Sprelzspektrumkommunikationsempfanger, der Korrelationen von empfangenen Da- 
4S ten mit einer bekannten Signatursequenz erzeugt, umfassend: 

eine Vomchtung (402) zum Entfernen von Zwischenkorrelationsinterferenz von den Korrelationen unter Ver- 
wendung der Autokorrelatkinsfunktnn der bekannten Signatursequenz, um dekorrelierte Werte zu erzeugen; 
und 

50 

eine Vonichtung (300) zum Verarbeiten der dekorrelierten Werte, um Kanalabgriffskoeffizientenschatzwerte 
zu erzeugen. 

4. Der Kanalfolger nach Anspruch 3, wobei die Vorrichtung zum Entfemen welter umfasst: 

ss einen Matrixmultiplizierer zum multiplizieren einer Matrix, die eine Autoton'elationsfunktion betreffende Werte dar- 
steltt, mit einem Vektor, der die Korrelationen umfasst. 



5. Ein Spreizspektmmkommunikationsempfanger, umfassend: 
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einen Korrelator (11 2) zum Empfangen von Daten und Korrelieren der empfangenen Daten mit einer bekann- 
ten Signatursequenz, um Korrelationen zu erzeugen; 

eine Kanalschatzeinheit (300), um Kanalabgriffskoeffizientenschatzwerte basierend auf den Korrelationen be- 
5 reitzustellen; 

einen Dekorrelator, der durch den Korrelator erzeugte Zwischenstrahlinterferenz aus den Kanalabgriffskoef- 
fizientenscfiatzwerten entf ernt, unter Verwendung der Autokorrelationsfunktion der Signatursequenz, um de- 
korrelierte Kanalabgriffskoeffizientenschatzwerte zu erzeugen; und 

10 

einen Detektor, der die Korrelationen unter Venwendung der dekorrelierten Kanalabgriffsschatzwerte zusam- 
menfasst. 

6. Ein Verfahren zum Verarbelten von empfangenen Sprelzspektrumkommunikatlonsslgnalen, umfassend die Schrit- 
is te: 

Korrelieren empfangener Daten mit einer bekannten Signatursequenz, um Korrelationen zu erzeugen; 
Erzeugen von Kanalabgriffskoeffizientenschatzwerten basierend auf den Korrelationen; 

20 

Zusammenfassen der Korrelationen, um Informationssymbole unter Venwendung der Abgriffskoeffizienten- 
schatzwerte zu bestimmen; und 

Entf emen von Zwischenstrahleninterferenz, erzeugt durch den Korrelationsschritt, unter Venwendung der Au- 
2S tokorrelationsfunktion der Signatursequenz, bevor die Korrelationen zusammengefasst werden. 

7. Das Verfahren nach Anspruch 6, wobei der Schritt zum Entfernen welter den Schritt umfasst: 

Entfemen der Zwischenstrahlinterferenz vor elnem Erzeugen der Abgriffskoeffizientenschatzwerte, um dekorre- 
lierte Werte zu erzeugen, und Venvenden der dekorrelierten Werte, um die Abgrlffskoeffizlentenschatzwerte zu 
30 erzeugen. 

8. Das Verfahren nach Anspruch 6, wobei der Schritt zum Entfemen weiter den Schritt umfasst: 

Entfemen von Zwischenstrahleninterferenz als Tell des Schritts zum Erzeugen der Kanalabgriffskoeffizienten- 
schatzwerte. 

35 

9. . Das Verfahren nach Anspruch 6, wobei der Schritt zum Entfemen weiter den Schritt umfasst: 

Entfemen von Zwischenstrahleninterferenz von den Kanalabgriffskoeffizienten nach dem Schritt zum Erzeugen 
der Kanalabgriffskoeffizienten. 

40 

Revendlcatlons 

1 . Rdcepteur pour un systems de communication sans fil h spectre dtald pour transmettre une sequence de symboles 
d'information, ce rdcepteur comprenant : 

45 

des moyens (108, 110) pour recevoir un signal en utilisant une antenne; 

des moyens (112) pour trailer le signal regu pour produire des correlations entre le signal regu et une sequence 
de signature connue; 

des moyens (402) pour ^liminer le brouillage d'Intercorrdlation dans lesdites correlations, en utilisant la fonctbn 
so d'autocorrdlation de la sequence de signature connue pour produire des valeurs d6corr6l6es; 

des moyens (300) pour estimer des coefficients de prises da canal en utilisant les valeurs 66con6\6es; et 
des moyens (114) pour d^tecter les symboles d'Informatton en utilisant les correlations et les estimations de 
coefficients de prises de canal. 

ss 2. Recepteur selon la revendicatlon 1 , dans lequel les moyens d'eiimination (402) comprennent en outre : 

un multiplieur matriclel qui multiplie une matrtee reprdsentant la fonction d'autocorreiation par un vecteur 
incluant lesdites correlations. 
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3. Suiveur de canal pour un . rdcepteur de communication d spectre 6Xa\6 qui produit des corrdlatbns de donndes 
revues avec une sequence de signature connue, comprenant : 

des moyens (402) pour 6liminer le brouillage d'intercorr6lation dans lesdites correlations en utilisant la fonclion 
d'autocorr61ation de la s6quence de signature connue pour produire des valeurs d6corr6!6es; et 
des moyens (300) pour traiter les valeurs d6corr6l6es pour produire des estimations de coefficients de prises 
de canal. 

4. Suiveur de canal selon la revendicatlon 3, dans lequel les moyens d'6limination comprennent en outre : 

un multiplieur matriciel qui multiplie une matrice reprdsentant des valeurs Mes k la fonction d'autocorrdlation 
par un vecteur incluant lesdites correlations. 

5. Rdcepteur de communication h spectre dtald comprenant : 

un correiateur (112) pour recevoir des donn^es et corrdler les donndes revues avec une sequence de signature 
connue, pour produire des correlations; 

une unite d'estimation de canal (300) pour fournir des estimations de coefficients de prises de canal basees 
sur lesdites correlations; 

un decorreiateur qui eiimine des estimations de coefficients de prises de canal un brouillage entre rayons cree 
par le correiateur, en utilisant la fonction d'autocorreiation de la sequence de signature pour generer des 
estimations de coefficients de prises de canal decorreiees; et 

un detecteur qui combine lesdites correiatbns en utilisant les estimations de prises de canal decorreiees. 

6. Precede pour traiter des signaux de communication k spectre etaie re^us, comprenant les etapes suivantes : 

on correie des donnSes refues avec une sequence de signature connue, pour produire des correlations; 
on genere des estimations de coefficients de prises basees sur ces correlations; 

on combine les correlations pour determiner des symboles d'information, en utilisant les estimations de coef- 
ficients de prises; et 

on eiimine un brouillage entre rayons cree par I'etape de correlation, en utilisant la fonction d'autocorreiation 
de la sequence de signature, avant de combiner les correlations. 

7. Proc6de selon la revendicatlon 6, dans lequel I'etape d'6limination comprend en outre I'etape suivante : 

on eiimine le brouillage entre rayons avant de generer les estimations de coefficients de prises, pour generer 
des valeurs decorreiees, et on utilise ces valeurs decorreiees pour generer les estimations de coefficients de prises. 

8. Precede selon la revendicatlon 6, dans lequel I'etape d'eilmination comprend en outre I'etape suivante : 

on eiimine le brouillage entre rayons dans le cadre de I'etape de generatbn des estimations de coefficients 
de prises de canal. 

9. Precede selon la revendicatlon 6, dans lequel retape d'eilmination comprend en outre retape suivante : 

on eiimine le brouillage entre rayons dans les coefficients de prises de canal aprds I'etape de generation 
des coefficients de prises de canal. 



so 



ss 



EP 0 839 412 B1 



11 




EP0 839 412 B1 



306 





MEHORY 


302 




304 


momrm 




ESTIMATE 


REMOVER 




UPDATE 



302 

( 



IHFORMATIOM 
REMOVER 



304 



ESTIMATE 
UPDATE 



306 



MEMORY 



FIG. 3 

(PRIOR ART) 









DECORRELATOR 




COmitTIONAL 
CHAMNEL 
TRACKER 





I 



FIG. 4 



EP0 839 412 B1 



300 

J 

CONVEHTIOm 
CHAHHEL 
TRACKEH 



FIG. 5 



— J — 

402 



FIG. 6 



302 



immrm 

REMOVEH 



immrm 

REHOVEH 



302 



402 

\ 



DECORRELATOR 



306 



304 



ESTIHATE 
UPDATE 



304 

_i_ 



ESTIHATE 
UPDATE 



306 

( 



MEMORY 



FIG. 7 





MATRIX 
MULTIPLIER 













